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(54) Retrievable well safely valve 
with expandable external seals 

(57) A retrievable subsurface well 
safety valve for installation in and 
controlling fluid through a well 
conduit 1 1 having a polished bore 13 
includes two upper seals 80, 82 on 
the exterior of the valve for isolating 
the control fluid 32 for actuating a 
piston and cylinder assembly 40. A 
lower seal 120 is provided adjacent 
the valve closure member 18 for 
blocking fluid flow through the valve 
housing 12. The seals initially have a 
smaller outside diameter than the 
internal diameter of the polished bore 
13 and the outside diameter of the 
valve housing 12 for preventing 
damage to the seals while running in 
the well conduit. The seals are 
expanded into engagement with the 
polished bore either mechanically or 
hydraulically. 
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srtioned against the housing and the mechani- 
cal set seal has a no-go shoulder for engaging 
the well conduit for expanding the mechani- 
cally set seals into engagement with the pol- 
5 ished bore. Means are provided for holding 
the mechanically set seal in an expanded posi- 
tion. 

A further feature of the present invention is 
the provision of a retrievable well packer hav- 

10 ing a structure to withstand both high and low 
temperature environments. 

Other and further features and advantages 
will be apparent from the following description 
of presently preferred embodiments of the in- 

15 vention, given for the purpose of disclosure 
and taken in conjunction with the accompany- 
ing drawings in which: 

Fig. 1A, IB and 1C are continuations of 
each other and are elevational views in quarter 

20 section of the preferred embodiment of the 
present invention, and 

Pig. 2 is a fragmentary elevational view, in 
cross section, of another form of the present 
invention of the upper seats for isolating the 

25 control fluid. 

While the present invention of expandable 
seals on the exterior of a retrievable well saf- 
ety valve will be described in connection with 
a well safety valve that is particularly designed 

30 to withstand both high and low temperatures, 
for purposes of illustration only, the present 
invention is also useful in other types of re- 
trievable well safety valves. 
Referring now to the drawings and particu- 

35 lariy to Figs. 1A, 1B and 1C, the reference 
numeral 10 generally indicates a retrievable 
subsurface safety valve of the present inven- 
tion which includes a housing 12 which is 
adapted to be connected in a well conduit or 

40 well tubing 1 1 to permit well production ther- 
ethrough under normal operating conditions, 
but in which the safety valve 10 may close or 
be closed in response to abnormal conditions. 
The valve 10 includes a bore 14, a valve 

45 closure member auch as flapper valve 18 {Fig. 
1C) connected to the body 12 by a pivot pin 
20. When the flapper valve 18 is in the upper 
position and seated on a valve seat 16, the 
safety valve 10 is closed blocking flow up- 

50 wardly through the bore 14 and the well tub- 
ing 11. 

A flow tube 22 is telescopically movable in 
the body 12 and through the valve seat 16. 
As best seen in Fig. 1C, when the flow tube 

55 22 is moved to a downward position the tube 
22 pushes the flapper 18 away from the valve 
seat 16. Thus, the valve is held in the open 
position so long as the tube 22 is in the 
downward position. When the tube 22 is 

60 moved upwardly, the flapper 18 is allowed to 
move upwardly onto the seat 16 by the ac- 
tion of a spring 24. 

The flow tube 22 is biased upwardly by any 
suitable means which may include a spring 26 

65 for yieldably urging the flow tube 22 in an 



upward direction to release the flapper 18 for 
closing the valve 10. The safety valve 10 is 
controlled by the application or removal of a 
pressurized fluid, such as hydraulic fluid, 

70 steam, or nitrogen through a control path or 
line, such as control line 32 extending to the 
well surface or through the casing annulus, 
which supplies pressurized fluid to the top of 
one or more pistons 40 which are connected 

75 to the flow tube 22 by a tongue and groove 
connection 42 for moving the flow tube 22 
downwardly forcing the flapper 18 off of the 
seat 16 and into the full open position. The 
safety valve 10 is controlled by the application 

80 or removal or pressurized fluid through the 
control line 32 and a fluid control port 46 in 
the housing 12 is provided to supply control 
fluid to a cylinder 48 and the top of the pis- 
ton 40. The bottom of the piston 40 is ex- 

85 posed to fluid pressure in the bore 14, or in 
other types of safety valves, to annulus fluid 
which acts against the bottom of the piston 
40 for biasing the flow tube 22 to the closed 
position when the fluid control pressure is re- 

90 moved from the control line 32. 

The safety valve 10 provides a solution to 
both high and low temperature seal problems 
in a safety valve and as more fully described 
in GB-A-2 172 321 the piston 40 is prefers- 
95 bly of a suitable ceramic which operates in the 
cylinder 48 having a ceramic seal 50. The 
ceramic piston 40 and the ceramic sleeve 50 
have sufficient lubricity that they can with- 
stand the extremely high temperatures encoun- 

100 tered in steam injection wells and avoid the 
use of elastomer seals, positive valve seals 
are provided between the piston and cylinder 
to provide a positive seal in both directions. 
Thus, a coacting metal valve seat 60 and 

105 metal valve element 64 seat when flapper 18 
opens for blocking the bypass of any control 
fluid through the piston and cylinder assembly 
while the valve is open. Similarly, metal valve 
seat 62 and metal valve element 66 are pro- 

1 10 vided to provide a positive seal when the 

valve 10 moves to the open position to block 
the passage of well fluid past the piston 40 
as disclosed in GB-A-2 172 321. 
However, in a retrievable safety valve, the 

115 valve is lowered into place in the well tubing 
1 1 , such as on a wire line or pump down, 
into a polished bore 13 on the inside of the 
tubing 1 1 for providing a good sealing surface 
in which the fluid control port 46 in the hous- 

120 ing 12 is placed in communication with the 
control line 32. To direct the flow from the 
flow line 32 to the port 46, it is generally 
conventional to provide two upper seals which 
are positioned on opposite sides of the port 

125 46 and which provide an interference fit with 
the polished bore 13 in order to properly seal 
off the incoming control fluid. Therefore, in 
order to insure a good sealing engagement 
with the polished bore 13, the seals will pro- 

130 trude from the exterior of the housing 12. 
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in the bore 14 above the flapper valve 18 is 
reduced and the differential pressure across 
the seal 130 will move seal 130 upwardly 
compressing the seal 120 into an expanded 
5 position. Releasable locking means such as a 
shear pin 136 is provided for initially holding 
the top section 122 and the bottom section 
124 together to prevent setting of the seal 
120 prior to reaching the proper location. 

10 It is to be noted that the seal 120 is posi- 
tioned adjacent flapper 18 and prevents well 
bore fluid from any threaded connections in 
the body 12. Therefore, conventional O-rings 
may be omitted from the interconnection be- 

15 tween housing sections. 

In retrieving the safety valve 10, an upward 
pull on the safety valve and top housing sec- 
tion 122 will shear the connection between 
the ratchet 132 and threads 134 for releasing 

20 the seal 120. 

While the setting of the seals 80 and 82 in 
Fig. 1B has been illustrated as being mechani- 
cally set, another embodiment of the upper 
seals is shown in Fig. 2 in which the seals are 

25 set by hydraulic pressure. Like parts to those 
shown in Fig. 1B are similarly numbered in 
Fig. 2 with the addition of the suffix "a". 
Thus, seals 80a and -82a are provided on the 
outside of the housing 12a and positioned on 

30 opposite sides of the fluid control port 46a. 
Each of the seals 80a and 82a include a first 
end abutting the housing 12a -for preventing 
movement of the first end with a longitudinally 
movable piston 140 and 142 abutting the 

35 secbnd end of the seals 80a and 82a f respec- 
tively. The seals 80a and 82a are similar to 
the seals 80 and 82 and have a smaller dia- 
meter than the internal diameter of the pol- 
ished bore 13 of the well tubing 1 1 and the 

40 outside diameter of the housing 12. Each of 
the pistons 140 and 142 include an interfer- 
ence fit seal such as seals 144 connected to 
piston 140 and seals 146 connected to piston 
142. The seals 144 and 146 provide an inter- 

45 ference fit with the polished bore 13 and may 
be sacrificial elastomer seals merely for ex- 
panding the seals 80a and 82a, respectively. 
Each of the pistons 140 and 142 are con- 
nected to means for holding the seals 80a 

50 and 82a, respectively, in the expanded posi- 
tion and may be ratchets 148 and 150, re- 
spectively, which coact with ratchet threads 
152 and 154, respectively, on the housing 
12a. The seals 80a and 82a are moved from 

55 a retracted to a set and expanded position in 
engagement with the polished bore 13 by ap- 
plying fluid pressure through the control line 
32 acting against the pistons 140 and 142, 
respectively. 

60 

CLAIMS 

1. A retrievable subsurface well safety valve 
for controlling fluid flow through a well con- 
duit having a polished bore comprising, 
65 a tubular housing having a fluid control port 



and having a bore and having a valve closure 
member moving between open and closed po- 
sitions for controlling the fluid flow through 
the bore, 

70 a flow tube telescopically moving in the 
housing for controlling the movement of the 
valve closure member, 

biasing means for moving the flow tube in a 
direction to close the valve, 

75 piston and cylinder assembly means in the 
housing, said assembly engaging the flow tube 
and said assembly exposed to the fluid port 
for receiving control fluid for actuating the as- 
sembly and flow tube, 

80 external means supported by the housing 
for sealing in the polished bore of the well 
conduit, said seal means including a first seal 
having a first and second end, the first end 
abutting the housing for preventing movement 

85 of the first end, a longitudinally movable pis- 
ton abutting the second end of the first seal, 
said first seal initially having an outer peri- 
phery of a size less than the size of the inner 
periphery of the polished bore and less than 

90 the maximum outside diameter of the housing, 
said _seal. means including a second seal con- 
nected to the piston for moving the piston 
against the first seal for expanding the first 
seal into engagement with the polished bore, 

95 said second seal sized to form an interference 
fit with the polished bore for actuating the 
piston upon the application of fluid pressure 
on the second seal, and 
means for holding the first seal means in an 
100 expanded position. 

2. The apparatus of claim 1 wherein the 
seal means is positioned adjacent to the 
above the valve closure member. 

3. The apparatus of claim 1 including, 

105 an additional external seal means on the ex- 
terior of the housing on each side of the fluid 
control port, 

each additional seal means including a third 
seal having a first and second end, the first 

1 10 end of the third seal abutting the housing for 
preventing movement of the first end, a longi- 
tudinally movable piston abutting the second 
end of the third seal, said third seal initially 
having an outer periphery of a size less than 

115 the size of the inner periphery of the polished 
bore and less than the outside diameter of the 
housing, and including a fourth seal connected 
to the piston and exposed to the port for 
moving the piston against the third seal for 

120 expanding the third seal into engagement with 
the polished bore, said fourth seal sized to 
form an interference fit with the polished bore 
for actuating the piston upon application of 
fluid pressure to the port, and means for hold- 

125 ing the third seal in an expanded position. 

4. The apparatus of claim 2 wherein the 
first seal includes a metal seal. 

5. The apparatus of claim 3 wherein the 
third seal includes a metal seal. 

130 6. The apparatus of claim 1 including, 
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a mechanically set seal on the exterior of 
the housing, said seal includes first and sec- 
ond spaced seals connected together and said 
seals positioned on opposite sides of the fluid 
5 control port, said first and second seals ini- 
tially having an outer periphery of a size less 
than the size of the inner periphery of the 
polished bore and less than the outside dia- 
meter of the housing, one end of the mechani- 

10 cally set seal positioned against the housing 
and the mechanical set seal having a no-go 
shoulder for engaging the well conduit for ex- 
panding the mechanically set seal, and 
means for holding the mechanically set seal 

15 in an expanded position. 

7. The apparatus of claim 6 wherein said 
first and second spaced seals include a metal 
seal. 

8. A retrievable subsurface well safety valve 
20 for controlling fluid flow through a well con- 
duit having a polished bore comprising, 

a tubular housing having a fluid control port 
and having a bore and having a valve closure 
member moving between open and closed po- 
25 sitions for controlling the fluid flow through 
the bore, 

a flow tube telescopically moving in the 
housing for controlling the movement of the 
valve closure member, 
30 biasing means for moving the flow tube in a 
direction to close the valve, 

piston and cylinder assembly means in the 
housing, said assembly engaging the flow tube 
and said assembly exposed to the fluid port 
35 for receiving control fluid for actuating the as- 
sembly and flow tube, 

a mechanically set seal on the exterior of 
the housing, said seal includes first and sec- 
ond spaced seals connected together and said 
40 seals positioned on opposite sides of the fluid 
control port, said first and second seals ini- 
tially having an outer periphery of a size less 
than the size of the inner periphery of the 
polished bore and less than the outside dia- 
45 meter of the housing, one end of the mechani- 
cally set seal positioned against the housing 
and the mechanical set seal having a no-go 
shoulder for engaging the well conduit for ex- 
panding the mechanically set seal, and 
50 means for holding the mechanically set seal 
in an expanded position. 

9. The apparatus of claim 2 wherein, 
the housing including a top section and a 

bottom section, said bottom section being tel- 
55 escopically movable relative to the top sec- 
tion, said bottom section including the valve 
closure member, and said seal means is posi- 
tioned between the top section and the bot- 
tom section, and releasable locking means 
60 preventing movement of the sections relative 
to each other. 

10. A retrievable subsurface well safety 
valve for controlling fluid flow through a well 
conduit having a polished bore comprising, 

65 a tubular housing having a fluid control port 



and having a bore and having a valve closure - 
member moving between open and closed-po- 
sitions for controlling the fluid flow through 
the bore, 

70 a flow tube telescopically moving in the 
housing for controlling the movement of the 
valve closure member, 

biasing means for moving the flow tube in a 
direction to close the valve, 

75 ceramic piston and ceramic assembly means 
in the housing, said assembly engaging the 
flow tube and said assembly exposed to the 
fluid port for receiving control fluid for actuat- 
ing the assembly and flow tube, 

80 first initially retracted metal seal means on 
the exterior of the housing on each side of 
the fluid control port, said seal means initially 
having an outer periphery of a size less than 
the size of the inner periphery of the polished 

85 bore and less than the outside diameter of the 
housing, 

second initially retracted external metal seal 
means supported by the housing adjacent to 
and above the valve closure member, said 
90 second seal means initially having an outer 
periphery of a size less than the size of the 
inner periphery of the polished bore, 

means for expanding the first and second 
seal means into sealing engagement with the 
95 polished bore, and 

means for holding the first and second seal 
means in an expanded position. 

11. A retrievable subsurface well safety 
valve for installation in and controlling fluid 
100 through a well conctatt having a polished bore, 
substantially as hereinbefore described with 
reference to the accompanying drawings. 
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